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3.3 Electric Currents in Conductors

(1 mark)

1. How does the random motion of free
electrons in a conductor get affected when a

potential difference is applied across its ends ?
(Delhi 2014C)

3.4 Ohm’s Law
ma marks)

2. A metal rod of square cross-sectional area A
having length [ has current I flowing through
.it when a potential difference of V volt is
applied across its ends (figure I). Now the rod
is cut parallel to its length into two identical
pieces and joined as shown in figure II. What

potential difference must be maintained
across the length of 21 so that the current in
the rod is still 1?

>

—— |

—» >
I
I
(I (I)

(Foreign 2016)

:7.91H (3 marks) =3

3. In the two electric circuits shown in the

figure, determine the readings of ideal
ammeter (A) and the ideal voltmeter (V).

(Delhi 2015C)
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3.5 Drift of Electrons and the
Origin of Resistivity
AN (1 mark)

4. How is the drift velocity in a conductor
affected with the rise in temperature?
(Delhi 2019)

5. Define the term ‘electrical conductivity’ of a
metallic wire. Write its S.I. unit.
(AI12017C, Delhi 2014)

6. Define the term drift velocity of charge carriers
in a conductor and write its relationship with
the current flowing through it.  (Delhi 2014)

7. Write the expression for the drift velocity.
of charge carriers in a conductor of length
‘T across which a potential difference V" is
applied. (AI 2014C)

8. When electrons drift in a metal from lower
to higher potential, does it mean that all the
free electrons of the metal are moving in the
same direction? (Delhi 2012)

9. Two conducting wires X and Y of same
diameter but different materials are joined in
seriesacrossa battery. If the number density of
electrons in X is twice that in Y, find the ratio
of drift velocity of electrons in the two wires.

(AI 2010)
(2 marks)

10. Using the concept of drift velocity of
charge carriers in a conductor, deduce the
relationship between current density and
resistivity of the conductor.  (Delhi 2015C)

11. Estimate theaverage driftspeed of conduction
electrons in a copper wire of cross-sectional
area 1.0 x 107" m? carrying a current of 1,5 A.
Assume the density of conduction electrons
tobe 9 x 10* m™, (Al 2014)

12. Explain the term 'drift velocity’ of electrons in
a conductor. Hence obtain the expression for
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13.

14.

15.

16.

the current through a conductor in terms of
‘drift velocity’. (Al 2013)

Write a relation between current and drift
velocity of electrons in a conductor. Use
this relation to explain how the resistance
of a conductor changes with the rise in
temperature. (Delhi 2013C)

Define mobility of a charge carrier. Write
the relation expressing mobility in terms of
relaxation time. Give its SI unit. (Al 2013C)

A conductor of length I is connected to a
dc source of potential ‘V” If the length of the
conductor is tripled by gradually stretching
it keeping ‘V’ constant, how will (i) drift
speed of electrons and (ii) resistance of the
conductor be affected. Justify your answer.

(Foreign 2012)

Define drift velocity. Write its relationship
with relaxation time in terms of the electric
field E applied to a conductor.

A potential difference V is applied to a
conductor of length . How is the drift
velocity affected when V is doubled and [ is
halved ? (Foreign 2010)

BEINIB GG marks)

17.

18.

19.

(a) Define the term ‘conductivity’ of a
metallic wire. Write its SI unit.

(b) Using the concept of free electrons in
a conductor, derive the expression for the
conductivity of a wire in terms of number
density and relaxation time. Hence obtain
the relation between current density and the
applied electric field E. (2018)

(a) Find the relation between drift velocity
and relaxation time of charge carriers in a
conductor.

(b) A conductor of length L is connected to
a d.c. source of e.m.f. V. If the length of the
conductor is tripled by stretching it, keeping
V constant. Explain how drift velocity would
be affected. (Al 2015)

A steady current flows in a metallic
conductor of non-uniform cross-section,
Which of these quantities is constant along

20.

21.
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the conductor : current, current density,
electric field, drift speed ? (1/3, Delhi 2015C)

(a) Deduce the relation between current
I flowing through a conductor and drift
velocity v, of the electrons.

(b) Figure showsa plot of current I’ flowing
through the cross-section of a wire versus
the time ‘t. Use the plot to find the charge
flowing in 10 sec through the wire.

I(A)
A

10+

5+

» 1(s)

(AI 2015C)

0 5 10

Define relaxation time of the free electrons
drifting in a conductor. How is it related to
the drift velocity of free electrons? Use this
relation to deduce the expression for the
electrical resistivity of the material.(AI 2012)

A conductor of length L is connected to a dc
source of emf €. If this conductor is replaced
by another conductor of same material and
same area of cross-section but of length 3L,
how will the drift velocity change?

(1/3, Delhi 2011)

(5 marks)

23,

24,

(i) Derive an expression for dritt velocity of
electrons in a conductor. Hence deduce
Ohm’s law.

(i) A wire whose cross-sectional area is
increasing linearly from its one end to
the other, is connected across a battery of
V volts. Which of the following quantities
remain constant in the wire?

(a) drift speed

(c) electric current

Justify your answer,

(b) current density
(d) electric field
(Delhi 2017)
Define the term ‘drift velocity’ of charge
carriers in a conductor. Obtain the expression
for the current density in terms of relaxation
time, (2/5, Foreign 2014)
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25. (a) Derive the relation between current
density ‘j" and potential difference ‘V’ across
a current carrying conductor of length ‘I,
area of cross-section ‘A” and the number
density ‘'n’ of free electrons.

(b) Estimate the average drift speed of
conduction electrons in a copper wire of
cross-sectional area 1.0 x 107 m? carrying
a current of 1.5 A. [Assume that the
number density of conduction electrons is
9x10% m™) (Delhi 2012C)

3.6 Limitations of Ohm’s Law

‘ (1 mark)

26. Graph showing the variation
of current versus voltage for a
material GaAs is shown in
the figure. Identify the region A Voltage v—>
of
(i) negative resistance
(ii) where Ohm’s law is obeyed. (Delhi 2015)

Current |

E

3.7 Resistivity of Various Materials

27. Two wires of equal length, one of copper
and the other of manganin have the same
resistance. Which wire is thicker ? (Al 2012)

28. Carbon and silicon both have four
valence electrons each. How then are they

distinguished ? (Delhi 2011C)

29. Define resistivity of a conductor, Write its S.1.

unit, (AI2011C)
V.48 (2 marks)

30. (a) You are required to select a carbon
resistor of resistance 47 kQ + 10% from
a large collection. What should be the
sequence of colour bands used to code it ?
(b) Write the characteristics of manganin
which make it suitable for making standard
resistance. (Foreign 2011)

31. Define ionic mobility, Write its relationship
with relaxation time, How does one understand
the temperature dependence of resistivity of
a semiconductor ? (Foreign 2010)
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32. The sequence of coloured bands in two
carbon resistors R; and R, is
(i) brown, green, blue
(ii) orange, black, green
Find the ratio of their resistances. (Al 2010C)

3.8 Temperature Dependence of
Resistivity

(1 mark)

33. -V graph for a metallic wire at two different
temperatures, T| and T, is as shown in the
figure. Which of the two temperatures is
lower and why?

A
T,

IT T,

Ve

(AI 2015)

34. Plot a graph showing the variation of
resistivity of a conductor with temperature.
(Foreign 2015)
35. Show variation of resistivity of copper as a
function of temperature in a graph.
(Delhi 2014)
36. Plot a graph showing variation of current
versus voltage for the material GaAs.
(Delhi 2014)
37. How does one explain increase in resistivity
of a metal with increase of temperature ?
(Al 2014C)
38. Plot a graph showing the variation of
resistance of a conducting wire as a function
of its radius. Keeping the length of the wire
and its temperature as constant.
(Foreign 2013)
39. Two materials Si and Cu, are cooled from
300 K to 60 K. What will be the effect on
their resistivity ? (Foreign 2013)
40. Show on a graph, the variation of resistivity
with temperature fora typical semiconductor,
(Delhi 2012)
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(2marks)

41. Draw a graph showing variation of resistivity
with temperature for nichrome. Which
property of nichrome is used to make
standard resistance coils ? (AT 2013C)

42. Plotagraph showing temperature dependence
of resistivity for a typical semiconductor. How
is this behaviour explained ? (Foreign 2011)

XN Gmarks)

43. (i) The graph between resistance (R) and
temperature (T) for Hg is shown in the
figure. Explain the behaviour of Hg near 4 K.

0.16

R(Q)—»

T(K)—»

(i) In which region of the graph shown in the
“figure is the resistance negative and why?

B
I(mA)

Current —p

C’

Voltage V(V) —»
(2/3, AI 2019)

3.9 Electrical Energy, Power

(1 mark)

44. Nichrome and copper wires of same length
and same radius are connected in series.
Current I is passed through them. Which
wire gets heated up more? Justify your answer.

(AI2017)
(2 marks)

45. Two bulbs are rated (P, V) and (P,, V). Ifthey
are connected (i) in series and (ii) in parallel
across a supply V, find the power dissipated
in the two combinations in terms of P, and P,.

(Delhi 2019)

T4

3.10 Combination of Resistors-
Series and Parallel

(1 mark)

46. A wire of resistance 8R is bent in the form
of a circle. What is the effective resistance
between the ends of a diameter AB ?

(Delhi 2010)

47. Two identical slabs, of a given metal, are
joined together, in two different ways, as
shown in figures (i) and (ii). What is the ratio
of the resistances of these two combinations ?

(i)
(Delhi 2010C)

(2 marks)

48. Two electric bulbs P and Q have their
resistances in the ratio of 1 : 2. They are
connected in series across a battery. Find the
ratio of the power dissipation in these bulbs.

(2018)

49. Given the resistances of 1 Q,2 Qand 3 Q, how

will you combine them to get an equivalent

11
resistance of (i) = Q and (ii) —1% Q?

(Foreign 2015)

SVY 1M (3 marks)

50. In the circuit shown in the figure, find the
current through each resistor.
AV 8V 0Q
054

AAAA
YYYY

458

LAALLLLE

AAMAAAA
LALALALE

"% (Delhi 2015¢)
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51.

52.

53.

Calculate the value of the resistance R in the
circuit shown in the figure so that the current
in the circuit is 0.2 A. What would be the
potential difference between points B and E?

o\l' 2Ap 3Q C

10Q 13 Q:E 3Q
SRS 3
2V
J“"Y" "‘I
E D
Ro02A
(AI2012)

In the circuit shown, R, =4Q, R, =R;=15Q,
R, = 30 Q and E = 10 V. Calculate the
equivalent resistance of the circuit and the
current in each resistor.

(Delhi 2011)
A network of resistors is connected toa 16 V
battery of internal resistance of 1 Q as shown
in the figure.

1Q 12Q

16V 1
(a) Compute the equivalent resistance of
the network.

(b) Obtain the voltage drops Vyzand Vip.
(Foreign 2010)

(5 marks)

54.

A 100 V battery is connected to the electric
network as shown. If the power consumed
in the 2 Q resistor is 200 W, determine the
power dissipated in the 5 Q resistor.

30Q

40Q

AAAAAA

YYvywy

AAAAAA
ryyyy
(¥

—h—

i (2/5, Foreign 2014)
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3.11 Cells, emf, Internal Resistance

(1 mark)

55.

56.

The plot of the variation
difference
combination of three
identical cells in series
versus current 1s
shown in the figure.

of potential
across a A

What is the emf and 0 Ak yﬁ
internal resistance of
each cell? (AI 2016)

The emf of a cell is always greater than its
terminal voltage. Why? Give reason.
(Delhi 2013)

. Why is the terminal voltage of a cell less than

itsemf ? (AI 2013C)

Three cells of emf & 2¢ and 5¢ having
internal resistances r, 2r and 3r respectively
are connected across a variable resistance R
as shown in the figure. Find the expression
for the current. Plot a graph for variation of
current with R.

5 2

s T
it 1]

?g

R

R
)
(AI 2010C)

(2 marks)

59.

A cell of emf “FE’ and internal resistance °r is
connected across a variable resistor ‘R’ Plot a
graph showing variation of terminal voltage
V" of the cell versus the current I Using the
plot, show how the emf of the cell and its
internal resistance can be determined.

(AI 2014)
(a) Distinguish between emtf (£) and terminal
voltage (V) ofa cell having internal resistance
(b) Draw a plot showing the variation of
terminal voltage (V) vs the current (I) drawn
from the cell. Using this plot, how does one
determine the internal resistance of the cel] ?

(AI 2014C)
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61. A battery of emf E and internal resistance r

when connected across an external resistance
of 12 Q, produces a current of 0.5 A. When
connected across a resistance of 25 Q, it
produces a current of 0.25 A. Determine (i)
the emf and (ii) the internal resistance of the
cell. (AI 2013C)

59

66. (a) The potential difference applied across

a given resistor is altered so that the
heat produced per second increases by
a factor of 9. By what factor does the
applied potential difference change?
(b) In the figure shown, an ammeter A
and a resistor of 4 € are connected to

62. A cell of emf E and internal resistance r is the terminalls of the source. ’Ihe_emlef
connected to two external resistances R, the source is 12 V having an intern
and R, and a perfect ammeter. The current resistance of 2 Q. Calculate the voltmeter
in the circuit is measured in four different and ammeter readings.
situations :

(i) without any external resistance in the

circuit T 12V: :29
(ii) with resistance R, only
(iii) with R, and R, in series combination (AI 2017)
(iv) with R, and R, in parallel combination B4R
The currents measured in the four cases are — ) . s
042 A. 1.05 A. 1.4 A and 42 A. but not ©7- A cell of emf ‘E’ and internal resistance r
necessarily in that order. Identify the currents is connected across a vanable. load resistor
corresponding to the four cases mentioned R. Draw the plots of the terminal voltage V
above. (Delhi 2012) versus (i) R and (ii) the current I.

63. A battery of emf 10 V and internal resistance Itis found that whejn R =4 Q, the current is
3 Q is connected to a resistor. If the current I A and when R is increased to 9 €, the
in the circuit is 0.5 A, find current reduces to 0.5 A. Find the values of
(i) The resistance of the resistor; the emf E and internal resistance r.

(ii) The terminal voltage of the battery (Delhi 2015)
(Delhi 2012¢) Write any two factors on which internal
64. A straight line plot showing the terminal

potential difference (V) ofacellasafunction of
current (I)drawn fromitisshownin the figure.
Using this plot, determine (i) the emf and
(ii) internal resistance of the cell.

resistance of a cell depends. The reading
on a high resistance voltmeter, when a cell
is connected across it, is 2.2 V. When the
terminals of the cell are also connected to a
resistance of 5 Q as shown in the circuit, the

20— voltmeter reading drops to 1.8 V. Find the
I | internal resistance of the cell.
2T 5 -
B B Nz
< | 08
(=%

0.4 c § +{ =

R AV { —
0 004 012 020 028 R=50 b% (AI 2010)

——— Current I (ampere)

e e e o i

(Delhi 2011C)

(5marks)

(3 marks) ____ 69. A cell, with a finite internal resistance r, is
65. Draw a graph showing the variation of connected across two external resistances
current versus voltage in an electrolyte when R, and R, (R, > R;), one by one. In which

an external resistance is also connected. case would the terminal potential difference
(1/3, AI 2019) of the cell be more ? (2/5, Delhi 2010C)
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3.12 Cells in Series and in Parallel
(1 mark)

70. Under what condition will the current in a
wire be the same when connected in series
and in parallel of n identical cells each having
internal resistance r and external resistance
R? (AI2019)

71. Two identical cells, each of emf E, having
negligible internal resistance, are connected
in parallel with each other across an external

resistance R. What is the current through
this resistance? (AI2013)

72. Two cells, of emf 2¢ and €, and internal
resistance 2r and r respectively, are connected
in parallel. Obtain the expression for the
equivalent emf and the internal resistance of
the combination. (AI 2010C)

(2 marks)

73. A 10V cell of negligible internal resistance is
connected in parallel across a battery of emf
200 V and internal resistance 38 £ as shown
in the figure. Find the value of current in the
circuit.

10V

0
|
|

&

200V 38 Q (2018)

74. Two cells of emfs 1.5 V and 2.0 V having
internal resistances 0.2 Q and 03 Q
respectively are connected in parallel.
Calculate the emf and internal resistance of
the equivalent cell. (Delhi 2016)

VNI (3 marks)

75. Two cells ofemf E,, E, and internal resistance

r, and r, respectively are connected in
parallel as shown in the figure.

Eyr

Ez.fz
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Deduce the expression for

(i) The equivalent emf of the combination

(i) The equivalent resistance of the
combination

(iii) The potential difference between the
points A and B. (Foreign 2012)

76. Two cells of emfs E, and E, and internal
resistance r, and r, are connected in parallel.
Obtain the expression for the emf and
internal resistance of a single equivalent cell
that can replace this combination ?

(2/3, Foreign 2011)

77. Two cells of emf €, and &, having internal

resistances r, and r, respectively are
connected in parallel as shown. Deduce
the expressions of the equivalent emf a cell
which can replace the combination between
the points B, and B,.

(AI 2011C)
3.13 Kirchhoff’s Laws

(1 mark)

78. A 10 V battery of negligible internal resis-
tance is connected across a 200 V battery and
a resistance of 38 Q as shown in the figure.
Find the value of the current in circuit.
10V

-4

BQ 200V

EEXE (2 marks)

79. Use Kirchhoft’s rules to determine the
potential difference between the points A
and D when no current flows in the BE of the
electric network shown in the figure.

(Delhi 2013)
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80.

81.

82.

83.

84.

I -AWAMA- i N
1\ I e :
§ R,
] R
20 = 3V
. —{ | ] { |l 0
oV .

b | (Al 2015)

State Kirchhofl's rules, Explains briefly how
these rules are justified, (Delhi 2014)

In the electric network shown in the figure,
use Kirchhofl's rules to calculate the power

consumed by the resistance R = 4 £,

, E=1V n=20
A—a—i{| MWW «

R=48

i MWWW D

JI + ’J ! .
El—e—| F

h Eesv

(Delhi 2014C)

Anammeter of resistance 0.80 £ can measure
current up to 1.0 A:

(i) What must be the value of shunt
resistance to enable the ammeter to measure
current up to 5.0 A?

(ii) What is the combined resistance of the
ammeter and the shunt? (Delhi 2013)

Use Kirchhoff’s rules to determine the value
of the current I, flowing in the circuit shown
in the figure.

30 Q2 I,
AV
5A
Iy
1LY -
1} » :
" B8OV 2
(Delhit 2013C)

The network PQRS, shown in the circuit
diagram, has the batteries of 4 V and 5 V
and negligible internal resistance, A

86.

61

milllammeter of 20 €2 resistance Is connected
between 1" and R, Calculate the reading in
the millnmmeter,

200 L)

Ay

I I}.._.,).—Jr)
(Al 2012C)

In the given circuit, assuming point A to be
at zero potential, use Kirchhoff’s rules to
determine the potential at point B.

1A 2A 2V
- s 1] [t

AR AR
LARAA A

ZA (Al 2011)

Using Kirchhoff’s rules in the given circuit,
determine (i) the voltage drop across the
unknown resistor R and (ii) the current I in
the arm EF.

1A 3V

20

‘ ! v 30

i < { t AAAN—¢— [

Y

> ANAA
. (A12011C)

1.4l (3 marks)
87, Using  Kirchhoff's rules, calculate the

current through the 40 Q and 20 Q

resistors in the following circuit.

sov 20 Q)
It \

A | AW B

100
D M £

| 10Q

l'.‘ t I :_ VVVL—-— ’.'

a0V

(Delhi 2019)
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88, Using  Richhott'y

\ W t k‘
rules determine the | | 1
value of unkuown :\:m ‘;Eua R2
rosistatee R the \ \ w\ ‘
aneuit so that w ll }k \k 0
current fows through W WY

40 resistance, Also find the potenttal ditterence
between A and
(Dethi 201.)
89, (a) State Kinchhott's vules,
(1) Use these rules to write the expressions
for the curtents I By and 1y dn the cleadt
diagram shown,

Ey=2V =40
-»-—{ }———\\\\P—‘»ﬁ:

' =1\ |\_\&l
—-»——h———\NW—brﬁ

-4V Y

i Ey HTQU.
——A'—‘} =ANNNN——=

(AL 2010)

90. (a) State Kirchhotts
(1) A battery of
internal resistance is

rules,

10V oand nepligible
connected across the
diagonally opposite corners of a cubical
network consisting of 12 resistors each ol 1 Q
resistance, Use Kirchhofl's rules to determine
(i) the equivalent resistance of the network,
and (i) the total current in the network.

(A12010C)

(5 marks)

91. (i) State the two Kirchhofl’s laws, Explain
briefly how these rules are justified,

(i) The current is

drawn from a

=

cell of emf E [
and  internal
resistance r
connected 1o
the network of resistors each ol resistance
r as shown in the figure, Obtain the
expression for (1) the current deawn from
the cell and (b) the power consumed in
the network, (Delhi 2017)

CTREED CnaE Champlon Physios Class |9

3.14 Wheatstone Bridge
BETY (2 marks)

03, Use Kiehhotts vules oo obtain conditions
tor the balance condition (v a Wheatstone
iy, (Dellit 2015)

O, Caleutate the current deawn trom the battery

by the network of restators shown in the
e,

(Al 2015C)
94, Caleulate the value of current drawn torm a
5\ battery in the circuit as shown,

R

(Foreign 2013)
(5 marks)

95, (0) State Kirchhotl™s rules tor an electric
network,
() Using  Kieehhotl™s rules, obtain the
balanee conditton in terms of the resistances
of four arms of Wheastone bridge,
(3/5, Delhi 2013, 2010¢))

96, Use Kelchhotl's rales to abtain the balance
condition in o Wheatstone bridye,
Calculate the value

|
ol R in the balance

condition o the 'I:l;\‘\\“ "y
Wheatstone bridgpe, i W

i the  carbon b .s*‘,:.,\.tl
resistor  connedted 0

across the arm €D

has  the  colour | e

sequence  red, red
and orange, an I shown In the figure,



Current Electricity

If now the resistances of the arms BC and
CD are interchanged, to obtain the balance
condition, another carbon resistor s
connected in place of R. What would now be
the sequence of colour bands of the carbon
resistor ? (Delhi 2012C)

3.15 Meter Bridge
(1 mark)

97.

98.

In an experiment on meter bridge, if the
balancing length AC is ‘x, what would be its
value, when the radius of the meter bridge
wire AB is doubled? Justify your answer.

| l v
j I
R, R,
———AAAN @ AN
Ad—x—pC B (AI2011C)

In a meter bridge, two unknown resistances
Rand S when connected in the two gaps, give
a null point at 40 cm from one end. What is
the ratio of Rand § ?

(Delhi 2010C)

BTN G marks)

99.

What is end error in a metre bridge ? How
is it overcome ? The resistances in the two
arms of the metre bridge are R =5 Q and S
respectively.

When the resistance S is shunted with an equal
resistance, the new balance length found to be
1.5 I;, where |, is the initial balancing length.

Calculate the value of S,
S
R
(3] ) ? ] [&
P Q J C

-‘-—[l cm—,i"'—(loo 'I]JC“]—'_"

JI { )}
]l

s
I

K
(Delhi 2019)

100. State the underlying principle of meter

bridge. Draw the circuit diagram and explain
how the unknown resistance of a conductor
can be determined by this method, (Al 2019)

101,

102.

103.

104.
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(a) Write the principle of working of a metre
bridge.

(b) In a metre bridge, the balance point is
found at a distance I, with resistances R
and S as shown in the figure,

R 5

|t { }—
1T A4

An unknown resistance X is now connected
in parallel to the resistance S and the balance
point is found at a distance l,. Obtain a
formula for X in terms of [, [, and S.
(Al2017)

With the help of the circuit diagram, explain
the working principle of meter bridge. How is
itused to determine the unknown resistance of
a given wire ? Write the necessary precautions
to minimize error in the result. (Al 2015C)

Answer the following :

(a) Why are the connections between the
resistors in a meter bridge made of thick
copper strips?

(b) Why is it generally preferred to obtain
the balance point in the middle of the metre
bridge wire?

(c) Which material is used for the meter
bridge wire and why? (AI 2014)

Write the principle on which the working of
a meter bridge is based. In an experiment of
meter bridge, a student obtains the balance
point at the point ] such that AJ = 40 cm as

-shown in the figure. The values of ‘R’ and

‘X" are both doubled and then interchanged.
Find the new position of the balance point.
If the galvanometer and battery are also
interchanged, how will the position of
balance point be affected ?

R X
AN, AN
=40 cm
A B
/
ﬁi } TS m—

(AI2012C)
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105. In the meter bridge experiment, balance

point was observed at ] with A] = 1.

(i) The value of R and X were doubled and
then interchanged. What would be the
new position of balance point ?

(i) If the galvanometer and battery are
interchanged at the balance position,
how will the balance point get affected ?

R X
AAN— AN

A ] B

11
11

(AI 2011)

106. In a meter bridge, the null points is found at
a distance of 40 cm from A. If a resistance of
12 Q is connected in parallel with §, the null
point occurs at 50.0 cm from A. Determine
the values of R and S.

' (Delhi 2010)
Y 5 marks)

107.In the meter bridge experimental set up,
shown in the figure, the null point ‘D’ is
obtained at a distance of 40 cm from end A
of the meteerridge wire.

R,

B

-

40 cm C[Z})

A
D 4
Metre ﬁca(c

i PRy
— ()

v K
If a resistance of 10 Q is connected in series
with R}, null point is obtained at AD = 60 cm.
Calculate the values of R, and R,.

(2/5, Delhi 2013)

108. (a) State with the help of a circuit diagram,
the working principle of a meter bridge.
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Obtain the expression used for determining
the unknown resistance.

(b) What happens if the galvanometer and
cell are interchanged at the balance point of
the bridge ?

(c) Why is it considered important to
obtain the balance point near the mid-point
of the wire ? (Delhi 2011C)

109. Draw a circuit diagram for determining the
unknown resistance R using meter bridge.
Explain briefly its working giving the
necessary formula used. (2/5, Delhi 2010C)

3.16 Potentiometer
(1 mark) i

110. State the underlying principle of a
potentiometer. (Delhi 2014C)

111. A resistance R is connected across a
cell of emf € and internal resistance r. A
potentiometer now measures the potential
difference between the terminals of the cell
as V. Write the expression for r in terms of €,
Vand R. (Delhi 2011)

ENE (2 marks)

112.In a potentiometer arrangement for
determining the emf of a cell, the balance
point of the cell in open circuit is 350 cm.
When a resistance of 9 Q is used in the
external circuit of the cell, the balance point
shifts to 300 cm. Determine the internal
resistance of the cell. (2018)

113. (i) State the principle of working of a
potentiometer. ;
(i) In the following potentiometer circuit
AB is a uniform wire of length 1 m and
resistance 10 €. Calculate the potential

gradient along the wire and balance length
AO (=1).

— MWWt~ ——
L5V
03Q |

(Delhi 2016)
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LI, Describe brietly, with the help of a circuit
diagram, how a potentiometer is used fo
determine the internal resistance of a cell,

(AT2013)

US Two students '\ and Y preform  an
axperiment  on potentiometer separately
using the circuit given Keeping other
parameters unchanged, how will the position
of the null point be attected it

b
' . N
—-—{ —{— \'--L-l
B

]

p—
__J}__. :]\ &
Ka

() X" increases the value of resistance R in
the set-up by keeping the Key K, closed
and the key K, open ?

(i) Y decreases the value of resistance S

in the set-up, while the key K, remains
open and the key K, closed ?

(Foreign 2012)
S NIM (3 marks)

116. (a) For the circuit shown in the figure, how
would the balancing length be affected, if
K R,

H H o

(1) R, is decreased,
(ii) R, is increased,

the other factors remaining the same inghe -

circuit? Justify your answer in each case.
(b) Why is a potentiometer preferred over q
voltmeter? Give reason. (AI2019)

117. A resistance of R draws current from a
potentiometer. ‘The potentiometer wire AB,
has a total resistance of Ry. A voltage V is
supplied to the potentiometer. Derive an
expression for the voltage across R when
the sliding contact is in the middle of the
potentiometer wire,

65
— s
Rn \
A= WA g
n
R (Delhi 2017)

118, Draw a circuit diagram of a potentiometer,

119

120

121

122

State its working principle. Drive the
necessary formula to describe how it is used
to compare the emfs of the two cells,

(Al 2015C)

A potentiometer wire of length 1 m has a
resistance of 10 Q. It is connected to a 6 V
battery in series with a resistance of 5 €.
Determine the emf of the primary cell which
gives a balance point at 40 cm. (Delhi 2014)

A potentiometer wire of length 1.0 m has a
resistance of 15 Q. It is connected to a 5 V
battery in series with a resistance of 5 Q.
Determine the emf of the primary cell which
gives a balance point at 60 cm. (Delhi 2014)

(a) State the underlying principle of a
potentiometer. Why is it necessary to (i) use
a long wire, (ii) have uniform area of cross-
section of the wire and (iii) use a driving cell
whose emf is taken to be greater than the
emfs of the primary cells ?

(b) In a potentiometer experiment, if the
area of the cross-section of the wire increases
uniformly from one end to the other, draw a
graph showing how potential gradient would
vary as the length of the wire increases from
one end. (Al 2014C)

State  the underlying principle of a
potentiometer. Write two factors on which
the sensitivity of a potentiometer depends.

i R
Al "'"'
A X B
Q S
e L=

In the potentiometer circuit shown in the

ligure, the balance point is at X, State, giving

reason, how the balance point is shifted when

(i) Resistance R is increased ?

(ii) Resistance S is increased, keeping R
constant ? (2/3, Delhi 2013C)
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123. In the figure a long uniform potentiometer
wire AB is having a constant potential
gradient along its length. The null points
for the two primary cells of emfs £, and ¢,
connected in the manner shown are obtained
at a distance of 120 cm and 300 cm from the
end A. Find (i) €,/¢; and (ii) position of null
point for the cell €,. How is the sensitivity of
a potentiometer increased?

—|— A

« 300cm .
120 cm
A B
1
G H & (Delhi 2012)
124.(a) State the underlying principle of

potentiometer.

(b) Describe briefly, giving the necessary
circuit diagram, how a potentiometer is used
to measure the internal resistance of a given
cell. (Foreign 2011)

125. Write the principle of working of a
potentiometer. Describe briefly, with the help
of a circuit diagram, how a potentiometer is
used to determine the internal resistance of a
given cell. (Delhi 2010)

_ (5 marks)

126. (i) In the circuit diagram given below, AB is
a uniform wire of resistance 15 Q and length
1 m. It is connected to a cell E, of emf 2V and
negligible internal resistance and a resistance
R. The balance point with another cell E; of emf
75 mV is found at 30 cm from end A.
Calculate the value of R.

.__l:_

A A
E, R
A £ B
E,
—

(ii) Why is potentiometer preferred over a
voltmeter for comparison of emf of cells ?
(iii) Draw a circuit diagram to determine
internal resistance of a cell in the laboratory.
(Foreign 2016)
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127. (a) State the principle of a potentiometer.
Define potential  gradient. Obtain  an
expression of potential gradient in terms of
resistivity of the potentiometer wire.

(b) Figure shows a long potentiometer wire
AB having a constant potential gradient, The
null points for the two primary cells of emfs
g, and ¢, connected in the manner shown
are obtained at a distance of [, = 120 cm and
I, = 300 ¢cm from the end A. Determine
(i) €,/€, and (ii) position of null point for the

cell €, only.
——i|—f——
i 300 cm L

120 cm

A E
4]

i b

(Foreign 2014)

128.(a) State the working principle of a
potentiometer. With the help of the circuit
diagram, explain how a potentiometer is
used to compare the emf’s of two primary
cells. Obtain the required expression used for
comparing the emfs.

(b) Write two possible causes for one sided
deflection in a potentiometer experiment.

(Delhi 2013)
129. (a) State the working principle of a
potentiometer. Draw a circuit diagram to

compare emf of two primary cells. Drive the
formula used.

(b) Which material is

potentiometer wire and why ?
(c) How sensitivity of a
potentiometer be increased ? (Delhi 2011C)

used for

can the

130. (a) Write the underlying principle of a
potentiometer.
(b) Draw the circuit diagram of the
experimental set-up used for determining the
internal resistance of a cell by potentiometer.
Write the necessary formula used.

(3/5, Delhi 2010C)
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e Detailed Solutions T

1. Conductors contain free electrons. In the
absence of any external electric field, the free
electrons are in random motion just like the
molecules of gas in a container and the net current
through wire is zero.
If the ends of the wire are connected to a battery,
an electric field (E) will setup at every point within
the wire. Due to electric effect of the battery, the
electrons will experience a force in the direction
opposite to E.
2. From Ohm’s law, we have
V=IR
[ :
= V= Ip-— (l)
A
When the rod is cut parallel, and rejoined by
length, the length of the conductor becomes 2I,

whereas the area decrease to % If the current
remains the same the potential changes as
21 [
V=Ip——=4xIp—=4V [Usi i
P2 P [Using (i)]

The new potential applied across the metal rod will
be four times the original potential (V).

3. In First Circuit

Reading of ideal voltmeter = 6 V

Net potential difference =9+ 6 =15V
Total resistance=1+1=2Q

Current in ammeter = . = 5 =75A

In Second Circuit

Reading of ideal volt meter =6 V
Net potential difference=9-6=3V
Total resistance=1+1=2Q

vV 3
Current in ammeter = E = 5 =15A

eEt |
4.  Drift velocity, vy =—— i.e., v <1
m

By increasing temperature relaxation time
decreases, therefore we can say that the drift
velocity decreases with the rise in temperature,

5. The electrical conductivity of a metallic wire
is defined as the ratio of the current density to the
electric field it creates.

It is reciprocal of resistivity (p).

Electrical conductivity, (g) = ) FI

S.I. unit = mhom™' or (chmm) ' or S m™’

6.  When an electric field is applied across a
conductor then the charge carriers inside the
conductor move with an average velocity which
is independent of time. This velocity is known as
drift velocity (v,).

Relationship between current (I) and drift velocity
(vg), I = neAv,

where ne = amount of charge inside the conductor

A = area of cross-section of conductor

7. v I=neAv,

1% [
Vg = {Using A= _p_}
nepl R

8. Yes, all the electrons will move in same
direction during drift due to external electric field.

9. Since the wires are connected in series,
current I through both is same. Therefore ratio of
drift velocities
e I/nyeAy
vy  I/nyeAy
where, ny, ny = respective electron densities

Ay, Ay = cross-sectional areas

v ny 1

" ;’ (Gi\'en ."x = ."\)‘. Ry = :PI}-)
Vy Ny 4

= 1/’\:15-:1:2

10. As we know that
I'= neAv,

Also current density j is given by j= L]

. 2 . tE
|| = Z-lEl (' =5—]

m m

v J is parallel to E,

=20
m
2
ln. G=—=£~.T
P m
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ned Q

|
X10™ x1.6%107" x1.0x10~7

V!

ms_

A
=102 X 10 ms ' =1l mm s
12, Refer to answer 6,
Total number of free electrons in a conductor PQ
of length [, cross-sectional area A having n free
electrons per unit volume is

N'= n X volume of conductor PQ
or N=nal

N
—|
Time '’ in which an eléctron moves from P to Q,

all N free electrons pass through cross section Q.
l

= —
Vd

where v, is the drift velocity of electrons in the
conductor.

So electric current flowing through conductor is
given by

) . & = nale or I = neAv,
t t I/Vd

This gives the relation between electric current
and drift velocity.

. . B
13. Drift velocity v, = E—‘|:, where E is electric
m

field strength. And the relation between current
and drift velocity is I = neAv,.

I 2t
—:fe—E = j=0AE
A m
ne:‘r 1 m
e 'O = —
m p 2

With rise of temperature, the rate of collision
of electrons with ions of lattice increases, so
relaxation time decreases. As a resy]t T
the material increases with the rise of t
hence the resistance.

esistivity of
€mperature,

14. Mobility of a charge carrier is defined as the
drift velocity of the charge carrier per unit electric
field.
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It is generally denote by .
vd
|=-£
H=T
The SL unit of mobility is m* v-' 577,
Mobility in term of relaxation time :

Vy=——0n1
d "

In magnitude,

ek V. €T
Vg=—1 or L=
m E m
_ET
m
eVt 1
15. (i) We know that Vq*:—;l“:?“’ “z

When length is tripled, the drift velocity becomes
one-third.

! IxI P2
) S S =Py V=14]
(ii) PA prL PV
New resistance
, T (31)2
R=p—=px-—""_=9R
PV, P v
R =9R

Hence, the new resistance will be 9 times the
original.

16. Drift velocity is defined as the average
velocity with which the free electrons get drifted
towards the positive end of the conductor under
the influence of an external electric field applied.
It is given by

- _eE _ev

where m = mass of electron, e = charge of electron
E = electric field applied
If V'=2Vand I' = /2, then

Becomes 4 times,

17. (a) Refer to answer 5.

(b) The electric field E exerts an electrostatics
force -Ee.

o _ ek _
= (1)

Acceleration of each electron,
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where, — £-
m = mass of an electron = k‘_ Fu _njh‘ @

¢ = charge on an electron G
LR + ¥, {H e
Vo B ehelee———
N n
_ (& +an)+ (i, +‘_ir3\+f‘.._:_...\_..»_+_(ui,, +dt,)
« n
where,

iy — thermal velocities of the electrons
4T, ATy — velocities acquired by electrons
Tps Ty — time elapsed after the collision

s =\ul+ﬁ:+u,,)+ci(11+t:+ ..... +7T,)

Ry

n n

. Wty i
Since 1= 27 — @, e get

n
Ve =arn, ..(li)
T) + Ty + Ty +o, +T, .
where, tT=1—2_3 % is the average
n
time elapsed.

Substituting the value of a in equation (i) from
equation (i), we have

o o SO0 i)
d
m
. eE
Hence average drift speed, v; =—t.
m

Electric current flowing through the conductor
el —Ne _—nAle
t t 1lvy

I=—-neAv; = ne ax E
oom
. m':t
= j=—=|—|E=0cE
A m
18. (a) Refer to answer 17(b).
; . rV
(b) In terms of potential difference, v, =£ %
m,

So, tripling the length of the conductor I’ = 3L and
keeping V' constant, the drift velocity will reduce
to one third of initial value.

v _Vd

‘lv’d =—

3

~

19. Current is constant in non-uniform cross-
section.

20. (a) Refer to answer 12,

(1]

(b)Y Avea under 14 curve on faxls I charge
flowing through the conductor

Q= i\f‘\\ﬁ +(10+5)x 5= 37,5 C

21, The average tme Interval between two
successive collisions for the free electrons drifting
withina conductor due to the action of the applied
electric field is called relaxation time,

Relation  between  relaxation  time  and  drift
velocity,

o _(~t'h't )
‘d =
n

Since i = <ne Ay,
i=ne*AtViml
Vioeml pl . m
i ne*ar A (ne’t)
22, Refer to answer 18(b).
23. (i) Referto answer 17(b).
(ii) (¢) Electric current: The
rate of flow of charge through
(@ non-uniform conductor) 41
a conductor is same, hence i
current remains constant.
As area of cross-section of the conductor is
varying so current density through wire and drift
velocity of electron will not be same.

24. Refer to answer 16 and 17(b).

25. (a) Consider a conductor of length | and
cross-sectional area A. When a potential difference
Visapplied across its ends, the current produced is
I.1f n is the number of electron per unit volume in
the conductor and v, the drift velocity of electrons
then the relation between current and drift velocity
is

= - ne Avy (1)
Where -¢ is the charge on electron
(e=1.6x10""C)
Electric field produced at each point of wire,

/
E=‘T (1)

It T is relaxation time and E is electric field
strength, then drift velocity.
¢tE
by =—— (i)
m
Putting this value of v in eqn (i)
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T
I=-n eA(—e—E)
m

2

[= ne tAE .(iv)
m

As E =KI (from (i1))

= neztAK
m 1

A4 m ml I

Rl s e e T

I jpe*r A ne*t A
ml I .

V=" [-"_zj]
ne*t A

(b) Refer to answer 11.

26. (i) Region DE has negative resistance
property because current decreases with increase
in voltage or slope of DE is negative.
(ii) Region BC obeys Ohm’s law because current
varies linearly with the voltage.
27. R, =R,
llCu Im

pCH ACu = pm Am
Here ls=1,

as pm > pCu

Pcu me _— Pm - Am

ACu A'm pCu ACu

A‘S’ pm > pCu

So,A,, > A.,

Manganin wire is thicker than copper wire.

28. For both, valence electrons are same. The
energy gap of Si is 1.1eV while for C is 5.44 eV.

Carbon behaves as an insulator while Si as
semiconductor.

29. The specific resistance of a conductor of unit

length and unit cross-sectional area is called
resistivity of the conductor,

/
R=p—
PA 2
Fori=1m, A=1m
R=p
Its SI unit is £ m.
30. (a) Resistance = 47 kQ + 10%
- 47 x10° Q£ 10%

(ZEZE) CBSE Champion Physics Class 12

Sequence of colour should be :
Yellow, Violet, Orange and Silver
(b) (i) Very low temperature coefficient of
resistance.

(ii) High resistivity.
31. Mobility of an ion is defined as the drift
velocity per unit electric field i.e,
-l . EF
E m
Its unit is m*/Vs.
When temperature increases, covalent bonds of

neighbouring atoms break and charge carriers
become free to cause conductive, so resistivity

of semi-conductor decreases with rise of
temperature.
32. (i) We know that the numbers for brown.

green and blue are 1, 5 and 6 respectively
R, =15x10°Q

(i) We know that the numbers for orange. black

and green are 3, 0 and 5 respectively.
R,=30x10°Q

Ratio of their resistances is
Ry _15x10° 10 _

= = =5:1
R, 30x10° 2

-

33. AsR= Al

1
(Slope of I —\" graph)

so in I-V graph, R

R, <R,

Resistance of metalic wire increases with

temperature,
Hence, T\ < T,.

34. The resistivity of a metallic conductor is given
by )
P=poll + (T~ Ty]

where

Po = Resistivity at reference temperature

Ty = Reference temperature

o = Coeflicient of resistivity

From the above relation, we can say that the
graph between resistivity of a conductor with
temperature is straight line. But, at temperatures
much lower than 273 K (i.e,, 0°C), the graph
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deviates considerably from a straight line as

shown in the figure.

0471

0.2+

Resistivity p(10-3Q m)

0 50 100 150

Temperature T(K)—»
35. The variation of resistivity of copper with
temperature is as shown in figure.

)
404
g
S {02
=
50 100 150
T(K)—»

36. Variation of current versus voltage for GaAs.

Non Negative
'y linear Tresistance
‘ region :region

Current I (mA)

»
-

Voltage V (V)

37. Increasing temperature causes greater electron
scattering due to increased thermal vibrations
of atoms and hence, resistivity p (reciprocal of
conductivity) of metals increases linearly with
temperature.

38. Resistance of a
conductor of length |,
and radius r is given R

an r—p

39. In silicon, the resistivity increases with
decrease in temperature,

In copper, the resistivity decreases with decrease
in temperature.

T4

40. The variation of resistivity with temperature
for a typical semiconductor is as shown in figure.

T

P

T—>

41. Variation of resistivity with temperature for
nichrome

o —»
1.
%
%

T —>» )
Nichrome is used to make standard resistance

coils because the temperature coefficient of
resistivity of nichrome is negligible. -

42. Refer to answer 40. :

In  semiconductor the number density of
free electrons (n) increases with increase in
temperature (T) and consequently the relaxation
period decreases. But the effect of increase in n
has higher impact than decrease of 1. So, resistivity
decreases with increase in temperature.

43. (i) Resistance of Hg below 4 K is zero so it
behaves like a superconductor. Between T = 4 K
to 5 K resistance rises linearly and beyond T= 5 K
resistance becomes constant.

(ii) In region BC this material shows negative
resistance property because current decreases
with increase in voltage or slope of BCis negative.

44. Heat dissipated in a wire is given by

H=I’Rt
o Polt ( A 91)
A A

For same current I, length / and area A, H depends
onp
Hccp and Pnichrome > pcnppcr

Hence, nichrome wire will heated up more.
45. In series :
Resistances of the bulbs,

V2 2

B P,
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Equivalent resistance, R = R, + R,
If Pis the effective power of the combination, then

v: oyv: o oy? 1 1.3
—=—+— 0o —=—+—
P B P R P
In parallel : - W A
Resistance of the bulbs, Rp=—,R, =—
R B

As the bulbs are connected in parallel, their
effective resistance R is given by

1 1 1
—_= — —
R R R,
Multiplying both side by V?, we get
v:ioy2o2
e
R R R

46. Resistance of each semi-circular part of circle is
4R.

Rl = R_)_ = 4.R
Since two resistors are in parallel,
Effective resistance (R,) is
1 1 1 1 1 2 1
+t—=—+—=
R, R, R, 4R 4R

4R 2R

47. Let R be the resistance of one slab.
Total resistance in figure (i) is

R, =2R
Total resistance in figure (i) is
R,=R/2

Required ratio of the resistances = R, :R,
2R

=——=4:]
R/2
R
48. As per question —£ - % Ry R
Power dissipation across a bulb 1|
P=I’R I ¥

Here current I is same for both the bulbs,
S 0, ——=—"—=—,
Fo Ry 2
49. (i) To get the equivalent resistance of

2 Q, the resistance of 1 Q and 2 Q must be in
3

parallel and resistance of 3 Q should be connected
in series with the resulting resistance.
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1Q

AAAAAA

Tryyy ‘ 1]

AAAAAA
LAAALLS

AAAAAA
ey

240

|+
it
Equivalent resistance of the parallel combination
of | Qand 2 Q is given by
11 1 Jr 2

—==t= = —== = R=

R 1 20 R 2

d

Now, resistance 3 Q is connected in series to
the resultant resistance. Here, the equivalent
resistance is given by

p
R=R+3 = R=%243
=5 R'=%I—Q (The required value of equivalent

resistance)

.11
(ii) To get the equivalent resistance of — Q, the
D>

resistance of 2 Q and 3 Q must be in parallel and
resistance of 1 Q should be connected in series
with the resulting resistance.

20
‘l.l"lill'i!' 1 Q
— —
Equivalent resistance of the parallel combination
of2Qand 3 Q is
1 1 1 1 5 6
R 2 3 R 6 S

Now, resistance 1 Q is connected in series to the

resultant resistance.
Here, the equivalent resistance is given by
R=R+1

6
= R=—+41 = R=Hg
5 5

-

(The required value of equivalent resist

ance),
50. E:—E|=ﬁ--l=4\'ull
g 6x3
Total resistance = 0.5 + 1 + 153+ — =38Q
4 6+3
I=—=05A
8
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Current through 3 Q resistor

~6x0S

6+
Current through 6 Q resistor

=033 A

IS 1S

3 =

6+l 9

=016 A

81, The given circuit can be simplified

>
-~

100

For BCD, equivalent resistance R, =5Q+5Q=10Q
Across BE equivalent resistance R,

1 1 *_I_+l_3+l+2__6__l
R, 10 30 15 30 30 5
= R:=SQ
Applving Kirchhoff’s second law,

6-2=5x02+Rx0.2+10x0.2
4=3+02Ror R=5Q

Potential difference Vg =TI xR, =0.2 x5
= V=1V

From figure, R, R, and R, are connected in

parallel.

Eflective resistance I,

1 I I I ] ] l 5
= + +—+

B g — — - —— i -
R, R, Ry Ry 1515 30 30
= R,=6£L

Now, equivalent resistance of circuit,

R=Ry+R,=446=10Q
Current 1, =I-Q=IA
10

Potential drop across I, = [[R; « | x4 =4V
Potential drop across all other resistances

7
=10-4=6V
Current through R, or Ry;

6 6 2 2
hy=2=A lj=— A=ssl=-Al;=-A
15 15 3 5
. 6 I
Current through R, [, = ~ A=y =-A

4x4
83. (a) Ryp= =24
(@) Ryp 4
126

Equivalent resistance of network
Rip=Rugt Rye + Repy=2+1+4=7Q
(b) Current in circuit [ = E = '6--
R+r 7+1
VAB=RAB"=2 "2‘-’“\'
VCD:'RCDI:“X 2 '—‘H\"

54. Here simplified circuit is given as

=1A

A AN "
10Q
F WY ¢
0 Q
E {1+ MWWWW— D
:Q

Current delivered by the battery is [~ = .

(" Given power dissipated across 2 L s 200 W)
200

12=T;1’= 100 = =10 A

W0 %10

W00
Power dissipated across 5 82 will be

LE

Currentinbranch AB s [, =

P=Lyx5Q=8 x5 Pei0W

55. Potential ditterence across a cell with internal
resistance, ris\V v - b
As three cells are in series, so emt = 3¢ and internal
resistance « 3

Ve de - Wl
Whenl«0then VooV, 300« W Dare w2y
When Ve Othenl« 1A s00 0 I x b
o dreo or e 28]

56. We know the relation Vo« v - b The emt ol
a cell is greater than its terminal voltage because
there may be some potential diop within the cell
due 1o its small internal resistance offered by the
electrolyte,
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57. Refer to answer 56,

Note : When cell is charged the | v
current goes into the positive -
terminal as shown in the figure. So potential
difference across a cell, V = ¢ 4 I,

58, Herer,

n=rnrne=

{|-~-~’~4 -

€ €= -2¢ and ¢, = Sg,
2rand ry= 3y
Equivalent emf of the cell is
E=E, 46 4+8,
=€-26+5e=4¢
Equivalent resistance = ntr+er 4+ R
=r+dr+3reR=06r+R
4

Current | = —"_

6r+ R

The graph for variation of current 1 with resistance
Ris shown below :

!
!

I'(Amp)

-

(@]

—>
— R (ohm)
9. Terminal voltage ‘V" of the cell js

V=E-F§ R
E is the emf of the cell, r is the ~M__
internal resistance of the cell
and | is the current through E
r

the circuit.

So,V=-Ir+E

Comparing with the equation

of a straight line y = mx + ¢, we get,
y=Vix=1[

m=-r,c=F T I

Graph showing

variation of terminal  (Termina

voltage ‘V' of the cel] ~ vltage)

versus the current /" | b

I (currem)

Emf of the cel] = Intercept on V axis
Internal resistance - slope of line,

60. (a) Electromotiye R
force of emf ‘¢’ of a cell js
the potential difference
across its terminals whep
no electric current js
flowing through it or it is
in an open circuit.
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Terminal voltage V of a cell is the potential
difference across its terminals when some electric

current is flowing through it or it is in a closed
clrcuit,

() Refer to answer 59,

61. Ry =12Q, R,=250Q
"l :{).5 A, ’lf(}ZC‘A
For the 1st case

E
r=—-R =% _;

I, 0.5
e (i)

0.5
Now, for the 2nd case

y5s o E=6:25 (i)
o T o
Compare the equation (i) and (ii), we get
E-6 €£-6.25
0.5 0.25

025e-15=05¢- 3.125
=025¢e=-1.635

1.625
£= iE=65V

0.25 - )
Putting the value of ¢, r = 6——;3 = L)_;
r=1 Q 0.:‘ Q.5
62. ‘The current relating to corresponding
situations are as follows :
(1) Without any external resistance l, = E

r

In this case, effective resist
minimum so curre
Hence I, = 4.2 A,

ance of circuit |

5
neis maximum,

3
rF + Nl
of circuit is Mmore
and (iv) but less than (iij). So

(i) With resistance Ry only I, =

In this case, effective resistance
than situations (i)

I = 1,08 A,

(1) With R, and R, in series combination
f

l

""HRl R,




Qument Blectol

In this case. effective resistance of cirouit is mavimam
<0 current i« minimum. Hence [, = 042 A
.
R-‘R:
R‘ - R:
In this case. the effective resistance is more than
() but Jess than (1) and (). So I, = 14 A

& GivenE=10\V. r=3Q,. I=05A
Total resistance of ancuit

(i\" [‘ =

re

(n) Termunal voltage

V=jR=05x17=85V
64 () The value of potential difference
corresponding to zero current gives the emf of
cell. This value is 1.4 Valt.
(i) Maximem current is drawn form the cell
when the terminal potential difference is zero. The
current corresponding to zero value of terminal
potential difference s 0.28 A. This is maximum
value of current.

r=£=—l-iﬂ;r=59.

I 028
65. As V=e-Fr=V=-Ir+e wlh)
y=mx+C (i)
Comparing (1) and (1) we can say

the graph between V' and
I is a straight line with a 4

V, = € = Intercept on the . -» °
y-axs
: ‘;I
“ @) He—tm e
I
.-ﬁ-‘ll
I

Given heat produce per second '—:.uu'nmby
a factor of 9.

Hence, applied potential difference Vincreased by
factor of 3.

® 1= E_ 12 12

=—=m2A
R+r 4+2 ©
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VeFE-Pbel2-1x2=8Y
67. Given situation is shown in figure
- F

r+ R

(1) Vversus R,
Terminal voltage.
VeE-br

VeE<lr=F- —

Vivolt) —»

Riohm) —»
(i) V versus /,
V=E-Ir
When R =4 Q,
thenl,=1A
E
r+4

WhenR=9Q then [=05A =

Vivolt) ——>»

1= ir+4=E ...(11)

Nampere)—>»

A

b | ==

1 E r+4
—_—=—=— [Using eqn. (1)]
2 r+9 r+9

r+9=2r+8,r=1Q

From eqn. (i)

emf,E=1+4=5V

68. Internal resistance of a cell depends upon

(i) surface area of each electrode.

(i) distance between the two electrodes.

(ii)) nature, temperature and concentration of
electrolyte.

Let internal resistance of cell be r.

The circuit given in question can be redrawn as

1y
"T

—
R0 N
Initially when K is open, voltmeter reads 2.2\
te, emibof the cell v « 22\

Later when K is closed, voltmeter reads 1.8V which
s actually the terminal potential difference, V.
t.¢., it 1 is the current flowing, then
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Ce=J(R«+ )

= 22=[(5+7p) (i)
and Ve=g-|p
1.8=22-r (i)
Solving (i) and (i),
I=036A
Substituting in (ii)
r:__().i = ,-=E). Q
0.36 9 :

69. The terminal potential difference of a cell is
given by
ER
R+r
Where € is emf of the cell, r is internal resistance
and R is an external resistance.

V=

-
r/R+1
For resistance R, V= E
r/ R, +1
For resistance R,, V= &
Since R, > R, riks +1
Vi>V,

Hence terminal potential difference of the cell will
be more when external resistor R, is connected to
the cell.

70. For series combination
heE

I] =
R+nr

For parallel combination

"
B (€, r)
n —| -
As per question, ~—
el v e B |
e R+nr r :
R+—
n

R+nr=nR+ror,(n-1)r=(n- DR or r=R
which is the required condition.

| I—
F

E
7. | E i
' - = k R

AAAA
Yyvy
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So, current 1=£
R

72. Equivalent emf and internal resistance of

the combination of two cells connected in parallel
combination is given as

&1, +E,1 nr
(A U el g = 172
1 n+t n+rn
Here €, =2, e,=¢, r, = 2rand Ty =Tt
2e.r+8.2r 2r.r
- r —
€ 2r+r “I r4r
_2er+2er 27
B 3r Teq = 3r
4er 2

4 2
Therefore, €oq = 58 and Tog =<7

73.  As cells are connected in parallel so potential
difference across terminals of each cell is same.

200 - 38] = 10 II"V
381=200-10=190 \
190 o
Y E; }\_ ———-—-—-{ F"“"“J\J"VRVF___-'
38 A 200v 380 B
15V 026
E, r &y F
74. o P = Wi
2V 03Q
g, 2
e —anht&n . |
eq — > leq T
ﬁ+§ ﬁ+5
_1.5x0.3+2%0.2
= 0.3+0.2
0.45+0.4 0.85
SE——=——=17V
0.5 0.5
0.2x03 0.06
= =——=0.12Q
‘02403 05
75. Here, [ = I +1, (1)

Let V = Potential difference between Aand B '
ﬂﬁ
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For cell E;,

-V

J
E, =V

Similarly, for cell E;, I, =

2

Putting these values in equation (i)
-V E,-V

E, 42

n h

or J|= i.{_& -V l+_1_
T B N N

e Er, + Eyn 1 nr
n+n n+r

Comparing the above equation with the equivalent

circuit of emf ‘E.;’ and internal resistance ‘r,;
then,

I=

(1)

V=E,-I, (i)
Then .

; 1+ Ex .. nn
W Sa ntn () Teq n+n

(iii) The potential difference between A and B
V=E,-Ir,

76. Refer to answer 75.
77. Refer to answer 75.
78. Refer to answer 73.

79. First we need to calculate R for no current
through R;.

By Kirchhoff” law,

3[+RI+2I=1+4+6

51+ RI=11 (1)
Also, in loop (1),

3[+2I=3+6+1

51=10 or I=2amp o (i)
Using in eqn. (i),

100+Rx2=11

2R=1o0r R=05Q ..(ili)

77
Now to determine the (28
potential difference % -
between A and D, we 7
can assume a cell of [«1A0
required potential V),

between two points.
On applying Kirchhoff’s

law, VA-:-,
Vip-6-4=-2x0.5
VA D~ lO = - l

V..\“ =9 VOlt

80. Kirchhoff’s first rule : The
algebraic sum of all the current
passing through a junction of
an electric circuit is zero.

Here, I, I, I;, I; and I are current in different
branches of a circuit which meet at a junction.
L+L-Li+1,-15=0

This rule is based on the principle of conservation
of charge.

Kirchhoff’s second rule : The algebraic sum of
the applied emf’s of an electrical circuit is equal
to the algebraic sum of potential drops across the
resistors of the loop.

Mathematically, €|
Ze=XIR —
This is based on energy g,
conservation principle

Using this rule,

€, -€&=IR, +IR, &

81. In closed mesh ABCD

Lr + (I + 1) R=12

20 +4 (I + 1) =12

21 + 41 + 41, =12

61, +41,=12

3, +2l,=6 ()
In closed mesh BDEF

(I, +L,)R=6

(I,+5L)4=6

21, + 21, =3

On solving equations (i) and (ii), we get
I, =3

Putting the value of I, in equation (i)
A, +2I,=6

Ix3+2l,=6

L=-15

(i)
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P=(L,+LYR=(1.5x4=225x 4 =9 watt.

82. (i) To measure current upto 5 A, the shunt S
should have a value, such that for 5 A input current
through system , 4 A should pass through shunt §
and 1 A should pass through given ammeter.

1 xR,=4S

1x08=455=02Q

Thus, the shunt resistance is 0.2 Q.

(ii) Combined resistance of the ammeter and the
shunt,

085 _08x02 0.6

0.8+S 0.8+02 1
30Q I
83' E ___’\X)Nv ‘rl F
ILa
200 20V
C - ———D
3
LY A
algl Vg i |
80V 20 L,
Applying Kirchhoff 1st law.

Applying Kirchhoff’s loop rule to CDFEC
=301, +20 - 20, =0

3L +2L,=2 (i)
For loop ABFEA

- 301, + 201, - 80 = 0

-3, +2L,=8 (i)

from eq. (i) put the value of I in eq. (ii)
3 +2I; +2L, =2
51+ 2, =2 -(iv)
= 311 + 2.[2 = 8
SII =-6
I =-3/4A
Put I, in eq. (iv) -
-5x34+2L=2=1,=—A
from eq. (i) 8

-3 23 —6+23 17
I3=—+-—-=

4 8 8 '}
84. 200Q
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Applying Kirchhoff’s 2nd law to the loop PRSP
-Lx20-1,x200+5=0

4I;+ 40, =1 ()
for loop PRQP,
-20I;-60I;, +4=0
5L+ 151, =1 ...(ii)
Applying Kirchhoff’s 1st law
I}zll +I3 '"(ijj)
from eq. (i) and (iii) we have,
4, + 441, =1
from eq. (ii) and (iii)
ZOI] + SI: = ]
On SOl\']_ng we get
11 11
= ——i= Ooom.—\
172 172
4000 39000
L=——mA ;= ——mA
S 860
85. .
= 1A D 24 2
F il—p
Y (1a) 2
Rig E’EZQ R,
Yia &
‘{—_IIIE; B l.}:
1V c 2A
Using KCL at point D
IDC +1=2
Inc=1A
Along ACDB
Va+l+1x2-2=V,
But V,=0
‘rs—-.]_-:-z_z:l\v
86. 1A 3V ,q
A—————"—<— 3
I sV =
E—e——r—w——|r
Y (1+1)
D o &
Here, Vig= Vep = Ver

Vis=Veop= Voltage dropacross R=3 - | x 2=1V

NO\\'. “EF‘ “Cnﬁ5531= 1= f:%:\.
>

87. Applying KVL in closed loop ABCDA
-80 +201, +40(1, - I,) =0

201, + 401, - 401, = 80

601, - 401, = 80
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WY 20 0
A—i | AMA—3— B
—_ h
™h y
400 ] y 1
D —AMWA < (
A ‘N ‘> \’l‘
- (_,—r .
s 10Q
40\
a,-2,=4 will)

Applving KVL in closed loop DCFED

-40(1, - 1,) + 101, - 40 =0

~401, + 401, + 101, - 40 = 0

~401, + 501, = 40

or -4l, +5I,=4

From (i) and (ii)

IL,=4AandI, =4A
Current flows through 40 Q =1, -1,=0A
Current flows through 20 Q =4 A

w{il)

88. Asno current flows through 4 €, the current
in various branches as shown in the figure.

Applying Kirchhoff’s loop rule to the closed loop
AFEBA, we get
~]-1-4%0-6+9=0 or9-6-2[=0o0r2I=3

or I= §A sl d)
2

Again, applying Kirchhoff’s loop rule to the closed

loop BEDCB, we get

64470-IR-3=0o0r IR=3

f(:?-.-a/i:m (Using (1))

Potential difference between A and D = Potential

difference between A and [
VAD=2I=2/;;SV

89. (a) Refer to answer 80.

(b) 'To find I, I,, Iy in following diagram.

For loop ABCFA, E, + Iyry - I,r; - E; =0
=5 24+4L-3-1=0
= 41,-3,+1=0 i
Using loop FCDEF
E,+ Liry+ Iyry-E;=0
= 1+3,+2,-4=0
= 3,+2,-3=0 (D
Also using junction rule I; = I, + I, (m
Using (ii) and (iii)
3,+20,+2,-3=0
= 2[,+5,-3=0 —lw
Solving (i) and (iv)

a1, -3, +1=0
~2x (2l +5I,-3)=0

0-13/,+7=0
= I, =l- A

13

Substituting in (i)

4 -3X—+1=0

8 2
13 13

= full# ke
13

90. (a) Refer to answer SO,

(b) ‘The network is not reducible to a simple senes
and parallel combinations of resistors. There &
however, a clear symmetry in the problem which
we can exploit to obtain the equivalent resistance
of the network, The paths AA, AD and AS are
obviously symmetrically placed i the network
‘Thus, the current in each must be the same, say, |

Further at the corners A, B and D) the incomung
current I must split equally into the two outgoung
branches. In this manner, the current, in all the 12
edges of the cube are easily written down in terms
of 1, using Kirchhoft's first rule and the svimmetey
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in the problem. Next take a closed loop, say,
ABCC’ EA, and apply Kirchhofi’s second rule :
-IR-(1/2)IR-IR+€=0

Where R is the resistance of each edge and ¢ the

J
emf of battery. Thus, € = EI R

The equivalent resistance R, of the network is
E o

qu=§=gR

ForR=1Q, qu =(5/6)/Qand fore =10V, the total
current (= 31) in the network is 31 = 10 V/(5/6) Q
=12A.ie,I=4A

The current flowing in each edge can now be read
off from the figure.

172

=10V
(i) Theequivalentresistance of the networkis > Q.
(ii) The total current in the network is 12 A.

91. (i) Refer to answer 80. .
(ii) Circuit can be redrawn as

r
ANA

A B [ AL\

2r
1 1=14 YI
r
— W | —wn
-l.F' ...... i

For net resistance between point A and B,
Here, r, 2r, 2r and r are in parallel.
| 11 1 1
=—t—t—t—
RAB r r 2r 2r
r
L=-3— or, RAB = -
Rgp 7 4

So,

Net resistance of the circuit,

r_4r
R=r+Ryg=r+ §~ 3

(a) Current drawn from the cell

E E _3E
I= 2@/ o
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2
(b) Power consumed in network, P = I'R 4y

po (3EYr_3E
lar )3 aer

92.

Consider loop ABDA

LR, + L,G-(I-1,)Ry=0

LRy +Ry) + ,G - IR, =0 A1)
Consider loop BCDB

(h-L)Ry-(I-I, + )R, - ,G=0

Ii(Ry+ Ry) - I,(Ry + Ry + G) - IR, = 0 (i)
When bridge is balanced, B and D are at same
potentiali.e.,,=0.From equations (i)and (ii), we get
Ri+R; R,

Ry+Ry Ry

R\Rs+ R;R, = RyR, + R,R,

RiR; = RyR,

Ry _R,

R, R,

93. Since the condition L
balanced bridge.

The equivalent Wheatstone bridge for the given
combination is shown in figure.

The resistance of arm ABC,

R“1:2+ 1=3Q

R . e )
=§ 1s satisfied, it is a

Also, the resistance of arm A DC.

Ry, =4+2=6Q
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Equivalent resistance
~ RS, X RS:

Rs, +Rs,
_3x6 18

v

94. In case of balanced Wheatstone bridge, no
current flows through the resistor 10 Q between
points B and C.

The resistance of arm ACD, R, =10+20=30Q
The resistance of arm ABD, Rg, =5+ 10 = 15 Q

RSl X Rg
Equivalent resistance R, =—1—2
9 R. +R
S S
_ 30x15 - 30x15 —100
30+15 45
Current drawn from the source,
vV
e b G
Req 10 2
10Q
282 p 10Q 20Q p
A TyyYy Y nrrner C yyy
10Q
=

95. (a) Refer to answer 80.
(b) Refer to answer 92.
96. Refer to answer 92.

Let the carbon resistor be Sin the given wheatstone
bridge, we have

EIE_ZR
R §
= ],=-‘E

S

81

= R =§ = resistance of carbon resistor
R=8=22x10°Q=22kQ

When the resistance are interchanged, the bridge

will be a balanced if

2R 22x10°

1
X 2x22x10° 2

X=4R=4x22kQ=88kQ
Thus, the sequence of colour will be grey, grey or-
ange. '

97. The value of balancing length would remain
same, there will be no effect of changing the ra-
dius of the wire. Because balancing length is inde-
pendent of radius of the wire, it only depends on
the length ratio.

98. Herel, =40 cm

R I R 40
e =S —
S 100-1, S 100-10

y |
E=£a§=: &N R:8=2:3.
S 60 S 3

99. The shifting of zero at the scale of different
points as well as the stray resistance give rise to
the end error in meter bridge wire. The end error
in meter bridge occur due to following reasons :
(i) The zero mark of the scale provided along
the wire may not start from the position where
the bridge wire leave the copper strip and 100 cm
mark of the scale may not end at position where
the wire touches the copper strip.

(ii) The resistance of copper wires and copper
strips of the meter bridge has not been taken into
account,

In first case, S _h = R Sh
S (100-14) (100 - 1))

sl l)
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R 1.51,
In second case, ——c = —1___
RS ) (100 - 1.5],)
R+S8

1.51, RS
R=- - X ——
(100 = 1.51))  (R+S)
From (i) and (ii)
A 1.5, x RS

(100 - 1)

or

kil

(100 = 1.5,) X (R + 8)

(100 - 1L.5L)(R + 8) = 1.5 (100 - I,)R
100R + 1008 - 1.5/, R - 1.51,S = 150R - 1.5],R
(100 - 1.51,) x § = 50R

50R

or, S=—monr«—
Given,R=5Q
250

S=—— " .
(100 — 1.51,)

100. Metre bridge : It is the simplest practical
application of the Wheatstone bridge that is used
to measure an unknown resistance.

Principle : Its working is based on the principle of
Wheatstone bridge.

When the bridge is balanced,

Measurement of unknown resistance
by a metre bridge.

Working : After taking out a suitable resistance
R from the resistance box, the jockey is moved
along the wire AC till there is no deflection in
the galvanometer. This is the balanced condition
of the Wheatstone bridge. If P and Q are the
resistance of the parts AB and BC of the wire, then
for the balanced condition of the bridge, we have
P R

05
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Let total length of wire AC = 100 cm and AB = [ cm,
then BC = (100 - I) cm. Since the bridge wire is of
uniform cross-section, therefore,

resistance of wire = length of wire

P resistance of AB ol

Q " resistance of BC o(100 - !) 100-~1
where a is the resistance per unit length of the wire.

b g2 RO00-])
1001 |
Knowing [ and R, unknown resistance S can be
determined.

or

Hence, R —

101. (a) 'The metre bridge works on the principle
of balanced condition of Wheatstone bridge.
(b) According to the problem,

R

Now, when unknown resistance X is connected in
parallel with resistance S, the effective resistance

..(i)

of this pair becomes o2
S+X
R l .
we get =2 ..(ii)
8 (SX ) 1001,
S+X

Dividing eq. (i) by (ii), we get
X _l(100-1
S+X L\100-1]
or 1,(100 - 1,)X = 1,(100 - ,)(S + X)

or  {1,(100~ 1) - [,(100 - 1)}X = 1,(100 - L,)$
or (12—11)X(IOOX)=!1(100—12)S

-y h0o-1)

where [, and [, are in centimeters.

102. Refer to answer 100.

Necessary precautions to minimize error in the
result ;

(i) The current must be kept at low value.
Otherwise, resistance of wire changes on getting
heated and affected the values.

(ii) The current should not be
continuously for a very long time,

(iii) The jockey should not be dragged along the
wire.

passed
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103. (a) The resistivity of a copper wire is very
low. Also, the connections are thick, so that the
area is quite large and hence the resistance of the
wires is almost negligible.

(b) It is preferred to obtain the balance point
in the middle of the meter bridge wire because it
improves the sensitivity of the meter bridge and
minimum error due to resistance of copper strips.
(c) Constantan is used for meter bridge wire
because its temperature coefficient of resistance
is almost negligible due to which the resistance
of the wire does not change with increase in
temperature of the wire due to flow of current.

104. Working principle of a meter bridge is the
wheatstone bridge condition. The value of R and
X were doubled and then interchanged. Hence the
new position of balance point remain same.

AJ =40 cm

From the principle of Wheatstone bridge,

R_ 40
X  100—40
%
Y L
40 2

When, the galvanometer and cell are interchanged,
the condition for a balance bridge is still satished.
Therefore the galvanometer will not show any
deflection.

105. Refer to answer 104.

106. When resistances R and S are connected then
balance point is found at a distance 40 cm from
the zero

R 40

S 100-40

R_40_R_2 )
§ o0 S 3

When a resistance of 12 Q is connected in parallel
with S then total resistance in the right hand gap is

" 128 (i)
S+12
R\R
. _l..=_1_.|.i = R= 172

Since balance point is obtained at a distance 50 cm
form the zero.

&
R 50 R 50
—_— —_— — = —
S, 100-50 S 30
5:] ~(ii1)
S
Dividing (i) by (iii), we get
R 2
©c 2 2
R 1 SR 3
"
5 2 2
= —=—=§=-5
S 3 % 3
Putting the value of §, in (ii), we get
2 2 2 y.
26 128 2 12
3 S+12 3 S§+12
= 25+24=36=25=12 = §=6Q
Putting the value of S in (1), we get
2 9
R ZoR=2x6=4Q
6 3 3
R=49Q and §=6Q
R 0 D 2
ey e A A 8
R, (100-40) o0 3
R 2 . "
a-= sl
R, 3
+1 o0 D 2
Case-11: RIT O= o - :,:S‘ﬁ:...*l
R, (100-60) 40 2
Rl +10 —_— E -\“\ii\
R, 2
From egn (i) and (i1), we get
2 10 .3
<t Pumnd 2
3 R 2
R:=l:g

From equation (i) %:{  Ry=84Q

¥
1

108. (a) Refer to answer 100,

(b) Refer to answer 104

(c) The bridge is most sensitive when null point
is somewhere near the middle point of the wire,
This is due to end resistance. Bevause of this
reason it is important to obtain the balance paint
near the mid-point of the wire,

109. Refer to answer 1L

110. Working : When a constant current tlows
through a wire of unitorm thickness, the potential



(L

difference: Between it two polnts s ety

proportional o the dength of the wire between
these twopoings,

Vi e Vs R where K potential gradient
L= IR and Ve

\ Ry

\ R
We get, 1 ( : |]n

P02 Here dy = M50 cm, 1y« Y00 cm, R - 96,1 - 1

/
Internal resistance of the cell, 1 [ ' I]R
2
50 q
"[ ])Q 2 9l
300 300 2
113, (1) Refer to answer 110,
() Here AB« 1m,R,, = 108,
Potential gradient, k = 1, AQ = [ = 7
Current passing through AB,

. 2V 15 ()

A &) n

1% 4 s
.y |
ke=ff =g Ym

Current in the external circuit,

p 1.5 1.5
P =12+03715
For no deflection in galvanometer,
Potential difference across AO < 15 - 1.2 1

= k(h=15-12x7

4 _0.3x5 _ "
i _5_[—_-0.3 or,| = —— =0.375m

=1 A

[=37.5¢m
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P Internal reststance by potentiometer
[

f1|r o) '/-II-TN-N -
"

1
( T
li I(H)
Wr ()

n | A
Initially key K, is off
Then at balancing length 1,
e K A1)
Now key K, is made on
Then at balancing length /,

Ve Kl 1)
50, - ll i)
R
Also, . : F' R+7 I+’
e~Ir P . R R
(R+r)
¢
re [ . IJR
%
. Iy .
So, r= ,!___| R [Using (iii)]
2

115. (i) By increasing resistance R, the current
through AB decreases, so potential gradient
decreases. Hence a greater length of wire would
be needed for balancing the same potential
difference. So the null point would shift towards B.
(i) By decreasing resistance S. the current
through AB remains the same, potential gradient

does not change. As K, is open so there is no effect
of § on null point.

116. (a) (i) If R, is decreased then current in
the given circuit is increased. Hence potential
gradient across wire AB will be increased

S0 Jockey J will shift towards point A i ¢.
length will be decreased.

(1) 11 R, is increased, emf of the cell will not be
affected. Hence balanc ing length will not be altected.
(b)) When a potentiometer is used to measure
the potential difference in a branch, it

draw any current from the circuit, Heng
accurate reading,

, b..\l.u\cmg

does not
¢l gives

117. While the slide is in the middle of (he
potentiometer only half of its resistance (Ry/2)
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will be between the points A and €. Hence, the
total resistance between A and €, Ry, will be given
by the following expression,

1.1, 1
Ry R (Ry/2)

RyR
Ry + 2R

The total resistance between A and C will be
sum of resistance between A and C and Cand B,
ie, R, + Ry/2

The  current
potentiometer will be

V 2V

Ry+R,/2 2R +R,
The voltage V, taken from the potentiometer will
be the product of current I and resistance R,

v,:m,:(ﬁ]xizl
(T

Substituting for R, we have

flowing  through  the

V,= 2‘; X ROXZRR
+
2 s Bl + R, Ry
Ry +2R
2VR 2VR
Vi=z— or V;=
2R+ R, +2R Ry +4R

118. Working principle of potentiometer : When
a constant current is passed through a wire of
uniform area of cross-section, the potential
drop across any portion of the wire is directly
proportional to the length of that portion.

-E
I
A%ﬂ 7
4 -4
—s
2

Application of potentiometer for comparing emf’s
of two cells : The given figure shows an application
of the potentiometer to compare the emf of two
cells of emf E, and E,. E,, E, are the emfs of the
two cells and 1, 2, 3 form a two way key.

When 1 and 3 are connected, E, is connected to
the galvanometer (G).
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Jokey is moved to Ny, which is at a distance [, from
A, to find the balancing length.

Applying loop rule to AN, G31A,

O+ 0 =0 wikh)
Where, ¢ is the potential drop per unit length.
Similarly, for IZ, balanced against [,(AN,),

O+ 0= 1,=0 (i)
From equation (i) and (ii)

B _L . (iii)
Ey 1

‘Thus we can compare the emfs of any two sources.
Generally, one of the cells is chosen as a standard
cell whose emf is known to a high degree of
accuracy. The emf of the other cell is then
calculated from equation (iii).

119. Net resistance of the circuit,
Rz(RAH'i'S): 10+5= 159
Current flowing in the circuit,

1=£=2

R 15

Potential drop across ¢
AB=1IR,y

6 1 40cm P B
==2x10=4V <>

15 100 cm
e.m.f. of primary cell,
b %VAB | ———w
Here, | = 40 cm, L = 100 cm, o
Vig=4V
So, E=%X4 =16V
120. From the figure :
Total resistance ©)
of the circuit, .
R=(R+5)Q2=20Q"[  wwm 7
Current in the circuit, 100 ¢
I=V/IR=5/20=025V | v 56

L v

Voltage across AB,
Vig=LRup= 375V
The emf of the cell connected as above is given by:
E= Eﬁ‘—fil

L
Here, | = 60 cm (balance point)

L =1 m = 100 cm (total length of the wire)
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e 3.75x60 -
100

121. (a) Principle of potentiometer : The potential
drop across the length of a steady current carrying
wire of uniform cross-section is proportional to
the length of the wire.
(1) We use a long wire to have a lower value of
potential gradient i.e., a lower "least count" or
greater sensitivity of the potentiometer.
(ii) The area of cross section has to be uniform

to get a uniform wire as per the principle of the
potentiometer.

(iii) Theemfofthe driving cell has to be greater than
the emf of the primary cells as otherwise, no
balance point would be obtained.

225V

(b) Potential gradient, K = Yook T
L L A
KA = constant

The required graph is shown in the figure

!

K

—p (Area)

122. Principle of potentiometer : When a constant
current is passed through a wire of uniform area of
cross-section, the potential drop across any
portion of the wire is directly proportional to the
length of that portion.

Factors on which sensitivity of potentiometer
depends are :

(a) Resistance of the wire, (b) Number of the turns
in the wire, and (c) Increasing the length of the
wire.

(i) When resistance R is increased, the current
through potentiometer wire AB will decrease, so
potential difference across AX will decrease, so
balance point X will shift towards B.

(i) When resistance § is increased, keeping
R constant there is no change in balance point
because there is no current in the secondary

circuit.
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123. (i) T —i

51H;

Let  V em™ be potential gradient of the wire.
Applying Kirchhoff’s loop rule to the closed loop
ACA, we get

¢(120) =¢, - ¢, ),
Again, applying Kirchhoff’s loop rule to the closed
loop ADA, we get

$(300) = ¢, +¢, ..(1i)
Divide (i) by (ii), we get

-8 120 2

ej+e, 300 5 _

S5€; — 58, = 2€, + 2¢, or 3g;,=7¢,

2.7 (i)
& 3

(ii) Let the position of null point for the cell g, is L.

El = ¢13 ...(iV)
Divide (i) by (iv), we get
€ Iy g I
3 120
] P (Using (iii))
7 I
4 120
e or ;=210cm
7 L

Sensitivity of a potentiometer is increased by
increasing the length of the potentiometer wire.

124. (a) Refer to answer 110.
(b) Refer to answer 114.

125. Refer to answers 110 and 114.

126. (i) As per the figure,
Total current through the wire AB is given by

= E. _ 2
R+r R+15
The potential gradient of the wire is given by
15 2 15
K=Ix—=

X —
100 R+15 100

As, the balance point with cell E; of emf 75 mv i
found at 30 cm from end A
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N

——— X 0.15%30=75x10™
R+15
5

t _£ ---‘\0\15\'30]- 15= R

/X100
R=105Q
(1) Potentiometer iy preferved over a voltmeter
for comparison of emt of cells because at null
point, it does not draw any current from the cell
and thus there is no potential drop due to the
internal resistance of the cell It measures the pud.
in an open circuit which is equal to the actual emf
of the cell,
(iil)

R .
B i\

-----

] .
)

127. (2) Principle of a potentiometer : When
a constant current is passed through a wire of
uniform area of cross-section, the potential
drop across any portion of the wire is directly
proportional to the length of that portion.
Potential gradient : Fall of potential per unit length
of the given wire is known as potential gradient.
s ¥

!

where K is potential gradient, V'is potential across
any portion of length / of the wire.
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Let V be the potential difference across certain
portion of the wire, whose resistance Is R, If [ 1s
the current through the wire then V = IR

/
We know that R PA' where I, A and p are

length, area of cross-section and resistivity of the
material of the wire respectively,

fyeip!
A
/
[— n\ = {p = K - ’_p
I A A

(D) Refer to answer 123,

128. (a) Refer to answer 118,

(b) (i) 'The emf of the cell connected in main
circuit may not be more than the emf of the
primary cells.

(i) The positive ends of all cells are not connected
to the same end of the wire.

129. (a) Refer to answer 118.

(b) 'The potentiometer wire is made of an alloy,
such as constantan or manganin. It is because,
an alloy has high resistivity and a low value of
temperature coeflicient of resistance.

(¢) 'The sensitivity of a potentiometer can
be increased by increasing the length of
potentiometer wire which is responsible for
decreasing the value of potential gradient.

130. (a) Refer to answer 110.
(b) Refer to answer 118.

(U@



